The e x i s t e n c e o f anomalous peaks i n t h e x -r a y energy l o s s spectrum o f Be i n t h e r e g i o n o f t h e x -r a y Raman band [1,2 has m o t i v a t e d t h e search f o r such "anomalous" d peaks i n m a t e r i a l s o t h e r than Be. ese anomalous peaks a r e n o t h i n g more, b u t complex m a n i f e s t a t i o n s o f t h e bonding c h a r a c t e r o f t h e s t a t e s n e a r and above t h e Fermi l e v e l
. ,The anomalous peaks, t h e r e f o r e , correspond t o s i m i l a r peaks i n t h e e l e c t r o n i c d e n s~t y o f s t a t e s (DOS) , around and above t h e Fermi 1 evel. I n a n t i c i p a t i o n o f d i sc o v e r i n g s i m i l a r anomalous peaks i n boron and t h u s p r o b i n g i t s e l e c t r o n i c s t r u c t u r e i n t h e unoccupied conduction bands, we undertook t h e p r e s e n t t h e o r e t i c a l and e x p e r imental i n v e s t i g a t i o n f o r t h e x-ray Raman spectrum o f boron.
Due t o t h e complicated c r y s t a l s t r u c t u r e o f boron, i t s e l e c t r o n i c s t r u c t u r e i s n o t known q u i t e a c c u r a t e l y . The c r y s t a l s t r u c t u r e o f boron, w i t h several atoms p e r u n i t c e l l occurs i n two d i f f e r e n t c r y s t a l forms, t e t r a g o n a l and rhombohedral, b o t h based on t h e icosahedron geometry. The s i m p l e s t form, which i s rhombohedral w i t h 12 atoms per u n i t c e l l , i s shown i n f i g u r e 1 i n a p r o j e c t i o n on t h e (001) plane o f t h e F i g u r e I The s t r u c t u r e o f rhombohedral boron p r o j e c t e d o n t o t h e (001) plane o f t h e r e l a t e d hexagonal u n i t c e l l . The d i s t a n c e s are: a=2.03i, b=1.78A, c=1.73a and d=4.91i ( r e f . 131 1.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19879150 r e l a t e d hexagonal c e l l [3] . Since t h e b a s i c u n i t f o r b o t h o f these complicated s t r u c t u r e s i s t h e icosahedron, i t i s reasonable t o model p o l y c r y s t a l l i n e boron w i t h a small c l u s t e r o f 12 boron atoms i n i c o s a h e d r a l geometry. Small c l u s t e r have been v e r y u s e f u l and adequate i n d e s c r i b i n g t h e anomalous peaks i n t h e r e g i o n o f t h e x -r a y Raman band o f Be 121. Needless t o say t h a t small c l u s t e r techniques can p r o v i d e n o t o n l y bonding i n f o r m a t i o n b u t a l s o i n n e r c o r e b i n d i n g e n e r g i e s [4] as w e l l as s t r u c t u r a l and phonon p r o p e r t i e s [4, 5] .
The small atomic c l u s t e r used here t o d e s c r i b e t h e e l e c t r o n i c s t r u c t u r e o f boron c o n s i s t s o f t h e t w e l v e atoms p l a c e d i n t h e c o r n e r s o f one o f t h e f o u r icosahedra shown i n fig The c l u s t e r h a m i l t o n i a n i s formed and d i a g o n a l i z e d u s i n g t h e u n r e s t r i c t e d H a r t r e eFock (UHF) method. I n t h e UHF, c o n t r a r y t o t h e usual r e s t r i c t e d Hartree-Fock (RHF) method, t h e spin-up spin-down p a i r s a r e n o t r e s t r i c t r e d t o have t h e same s p a t i a l wavefunction and t h e o r b i t a l s a r e n o t r e q u i r e d e x p l i c i t l y t o have t h e symmetry p r o p e r t i e s o f t h e p o i n t group o f t h e c r y s t a l . The standard POLYATOM computer code was used t o compute t h e i n t e g r a l s and t h e program UHFABK o f A. B a r r y Kunz was employed t o p e r f o r m t h e UHF c a l c u l a t i o n s . 
t a i n e d by step-scanning, u s i n g a f i x e d -t i m e c o u n t i n g method and t h e Cu KB l i n e . The s p e c t r a were scanned f i v e times f o r every s c a t t e r i n g a n g l e and t h e s t a t is t i c a l e r r o r was 1.3%. The s t e p o f t h e scanner was 0.01 and t h e t i m e d u r a t i o n o f each s t e p was 400 sec.
The r e s u l t s o f o u r t h e o r e t i c a l and experimental i n v e s t i g a t i o n s a r e summarized i n a condensed f o r m i n f i g . 2 , which shows t h e x -r a y Raman spectrum and t h e "anomalous
Energy Fig.2 .
The measured x-ray Raman spectrum and t h e c a l c u l a t e d energy l e v e l diagram and s i m u l a t e d DOS. The energy r e g i o n shown, i n c l u d e s t h e Raman band and t h e anomalous peaks. The l a r g e d o t s i n t h e spectrum r e p r e s e n t t h e a c t u a l measurements. The smooth l i n e i s t h e r e s u l t o f a s p l i n e s fit.
peaks". The Raman band i s l o c a t e d around 200eV and t h e "anomalous peaks" i n t h e r e g i o n o f 380eV q u i t e f a r from t h e Raman band. I n t h e same f i g u r e t h e r e s u l t s o f t h e c a l c u l a t i o n i n t h e r e g i o n o f t h e Fermi l e v e l and t h e r e g i o n o f 300eV above t h e I s l e v e l a r e shown i n t h e form o f an energy l e v e l diagram superimposed w i t h t h e "simul a t e d " DOS i n t h e same energy region. T h i s s i m u l a t e d DOS, as e x p l a i n e d b e f o r e [1,63 i s c o n s t r u c t e d f r o m t h e energy l e v e l diagram b y a s u i t a b l e Gaussian broadening. I t becomes immediately c l e a r t h a t b o t h t h e
Raman band and t h e "anomalous" peak s t r u c t u r e around 280eV a r e w e l l reproduced i n t h e c a l c u l a t e d energy l e v e l diagram and DOS o f f i g u r e 2. The s t a t e s around t h e Fermi l e v e l ( i . e . t h e h i g h e s t occupied o r b i t a l ) producing t h e Raman band a r e o f atomic p t y p e w i t h a small admixture o f s t y p e o r b i t a l s .
anomalous peaks remain p r a c t i c a l l y t h e same f o r a l a r g e v a r i e t y o f angles. The s c a t t e r i n g a n g l e v a r i a t i o n used i n o u r x -r a y Raman s c a t t e r i n g measurements ranges from 45" t o 105" w i t h a s t e p o f 10". The a n g u l a r dependence o f t h e i n t e n s i t y , o n l v ' f o r e u i t e low s c a t t e r i n g angles f o l l o w s t h e t h e o r e t i c a l expression o f Mizuno and Ohmura 71. T h i s expression based on t h e d i p o l e approximation g i v e s t h e s c a t t e r i n g i n t e n s i t y I as a f u n c t i o n o f t h e s c a t t e r i n g a n g l e 4na
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where K i s a c o n s t a n t and a i s t h e mean r a d i u s o f t h e charge d i s t r i b u t i o n o f t h e K -e l e c t r o n s o f t h e p o l y c r y s t a l l i n e s c a t t e r e r . Equation (1) t o g e t h e r w i t h t h e condit i o n f o r t h e occurence o f t h e x -r a y Raman process s e t s t h e t h e o r e t i c a l framework f o r the dependence o f I on 9. The mathematical c o n d i t i o n f o r t h e occurence o f t h e x-rdy Raman s c a t t e r i n g i s w r i t t e n : w i t h A t h e wavelenqth o f t h e i n c i d e n t r a d i a t i o n . Equation ( 2 s i m p l y t t e s t h a t t h e magnitude of t h e mamentun t r a n s f e r should be s m a l l e r o r equal t o l / o 171.
The observed discrepancy i n t h e a n g u l a r dependence of t h e spectrum f o r moderate and h i g h s c a t t e r i n g angles, based on t h e p r e v i o u s d i s c u s s i o n ( e q u a t i o n s ( 1 ) and (211, c o u l d be a s s o c i a t e d w i t h a v i o l a t i o n o f t h e d i p o l e approximation on which ( I ) i s based. T h i s a s s e r t i o n , i s c e r t a i n l y i n accord w i t h o u r UHF c l u s t e r t h e o r e t i c a l r e s u l t s which a t t r i b u t e t h e anomalous peaks t o d -l i k e atomic s t a t e s . T h i s seems t o v i o l a t e d i p o l e s t t j e c t i o n r u l e s . C e r t a i n l y f o r a s o l i d and i n t h i s deep i n t h e c o n t inuum energy r e g i o n , i t i s d i f f i c u l t t o access t h e v a l i d i t y of d i p o l e s e l e c t i o n r u l e s based on t h e a t o m i s t i c a n g u l a r m o m e n t u m~o t i o n . l h i s s i t u a t i o n c a l l s f o r a f u r t h e r and deeper t h e o r e t i c a l i n v e s t i g a t i o n .
